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Abstract 
The production of K0 mesons in e+ e- interactions at center of mass energies in the 
region of the Z0 mass has been investigated with the OPAL detector at LEP. The 
rate is found to be 2.10±0.02±0.14 K0 , K0 per hadronic event. The predictions from 
the .JETSET and HERWIG generators agree very well with both the rate and the 
scale invariant cross section 1/ ( ahadf3)( da / dxE) for K0 production. Comparisons of the 
inclusive momentum spectrum with predictions of an analytical QCD formula and with 
data from lower center of mass energies are presented. 
(Submitted to Physics Letters B) 
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Introduction 
In this paper, the first measurement of the process e+e- --+ K~X at ,fS "' Mzo is 
presented. The results have been obtained with the OPAL detector at the CERN LEP 
collider. K~ mesons were identified in the decay channel K~ --+ 1r+1r- by reconstruction 
of the decay vertex and the invariant mass of the decay system. 
Hadron production in e+ e- interactions involves the fragmentation process, the 
transition of coloured partons into colourless hadrons. No exact theoretical prescription 
exists for this process yet. Rather, a variety of phenomenological models has been 
developed. At present, the most commonly used ones are the string fragmentation 
model [1] and the cluster fragmentation model [2]. Strange particle production in e+c 
annihilations [3][4][5] has been an important tool in studying the fragmentation process, 
since K~ mesons can be cleanly identified over a large momentum range. We compare the 
measured K0 momentum spectrum with predictions of the .JETSET [6] and HERWIG [7] 
models and find that the total K0 rate and the differential cross section are in good 
agreement with both models. 
Another approach to describe the hadron momentum spectra combines the modified 
leading log approximation (MLLA) [8] of QCD with the picture of local parton hadron 
duality (LPHD) [8]. The MLLA approximation consists of a summation of double and 
single leading-log contributions. It predicts the momentum spectrum of parlous. The 
LPHD hypothesis assumes that the measured hadron spectra can be directly compared 
to the calcuJated partou spectra. Our measurement is compared with an analytical 
formula derived within the MLLA and LPHD framework. 
FinalJy, a comparison of our data with experimental results from lower energies is 
presented, showing the evolution of the K0 multiplicity as well as the behaviour of the 
differential cross section as a function of the center of mass energy. 
The OPAL Detector and Hadronic Event Selection 
The OPAL detector, a multi-purpose detector designed to reconstruct the decay prod-
ucts of the Z0 Boson, has been described in detail elsewhere [9]. The present analysis 
is based mainly on the information from the central tracking chambers, consisting of 
a large jet chamber, a precision vertex detector and additional z-chambers surround-
ing the jet chamber. The main detector, the jet chamber, has a length of 4 m and a 
diameter of 3. 7 m. It is divided into 24 sectors, each equipped with 159 sense wires en-
suring a large number of measured points even for particles emerging from a secondary 
vertex. The vertex detector, a 1 m long cylindrical drift chamber of 470 mm diameter, 
surrounds the beam pipe and consists of an inner layer of 36 cells each with 12 sense 
wires and an outer layer of 36 smalJ angle ( 4°) stereo cells each with 6 sense wires. 
The z-chambers consist of 24 drift chambers, 4 m long, 50 em wide and 59 mm thick. 
They are subdivided in 8 cells each with 6 sense wires perpendicular to those of the jet 
chamber. They cover a polar angle from 44° to 136° and 94% of the azimuthal angle. 
All the chambers are contained in a solenoid providing an axial magnetic field of 0.435 
1 
T. 
The present analysis was performed on 144473 hadronic decays of the Z0 recorded 
during 1990 at center-of-mass energies between 88.2 and 94.3 GeV with a luminosity-
weighted average energy of 91.31 Ge V. The selection of the hadronic event sample relying 
on the information of the electromagnetic calorimeter and the time-of-flight counters has 
been described elsewhere [10]. In addition each event was required to have at least five 
well reconstructed charged tracks. 
The K~ Finding Algorithm 
The search for K~ was performed via the decay into 1r+1r- by systematically pairing 
oppositely charged tracks. 
Eacb track had to fulfill the following conditions: A minimum transverse momentum 
with respect to the beam direction of 150 MeV I c, at least 80 jet chamber hits and at 
least 4 z-chamber hits were required; the latter to ensure a good mass resolution by 
improving the measurement of the polar angle. Due to the geometrical acceptance of 
the z-chambers, this restricts the range of the polar angie with respect to the beam 
direction to I cos II I< 0.7. Furthermore, the radial distance of the track to the beam 
axis at the point of closest approach was required to exceed 3 mm to reduce the large 
combinatorial background. 
Intersection points of track pairs in the radial plane were considered to be candidate 
secondary vertices. Additional cuts were imposed on these pairs: The radial distance 
from the intersection point to the primary vertex had to be larger than 1 em and the 
reconstructed momentum vector of the K~ candidate in the plane perpendicular to the 
beam had to point to the beam axis within 2°. In the case where both intersections of 
the track pair passed these cuts, the one closer to the beam axis was taken. 
Finally, all track pairs which had passed the cuts were refit with the constraint to 
originate from a common 3-dimensional vertex. Pairs with an invariant mass of less 
than 100 MeV I c2 (assuming both tracks to be electrons) were considered to be photon 
conversions and rejected. 
After applying this procedure to the hadronic event sample and assigning the pion 
mass to both tracks, the mass distribution shown in Fig. 1a was obtained. A fit with 
a Gaussian for the signal plus a third order polynomial background describes the spec-
trum well and yields mKo =497 .2 ± 0.1 MeV I c2 and a=6.5 ± 0.1 MeV I c2 in reasonable 
agreement1 with the PDG [11] value of 497.7 MeV lc2 and the expected mass resolution 
from a Monte Carlo simulation of the OPAL detector, respectively. The peak contains 
13816 ± 118 K~ (statistical error only). 
1The given error is statistical only; the remaining difference can be explained by the uncertainty in 
the mean value of the magnetic field 
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Differential and Integrated Cross Sections 
In order to extract the number of K~ and thus to determine the K~ cross section, 
it is neccessary to estimate the amount of background under the signal peak and to 
correct for the detection efficiency. For this purpose, fits similar to those described 
above were performed in different K~ momentum bins. To determine the number of 
K~ per momentum bin, the entries in the mass range from 450 MeV/ c2 to .550 MeV/ c2 
were summed up and the background obtained from the fitted polynomial function was 
subtracted. This was followed by an efficiency correction performed separately in each 
momentum bin. The detection efficiency defined as E = n~e~onstructedf n~Jnerated was 
calculated using a sample of Monte Carlo events that were passed through a detailed 
simulation of the OPAL detector and subjected to the same analysis chain as the real 
data. 
The agreement between real data and simulated data was checked and in general 
found to be good, although it was observed that the fraction of charged tracks having at 
least 4 z-chamber hits is 82.2% in the data compared to 90.3% in the detector simulation. 
This effect is due to an incorrect estimation of the jet chamber z resolution and of the z-
chamber sensitive volume in the simulation. The detection efficiency has been corrected 
for this difference on a track by track basis. 
Fig. lb shows the resulting detection efficiency for K~ ___, rr+rr- as a function of 
the K~ momentum obtained with a hadronic event sample generated with the JETSET 
Monte Carlo. It shows a maximum of 27 % at a momentum of about 3 GeV /c. At 
high momenta, the efficiency is mainly limited by the requirement of 80 jet chamber 
hits which cannot be met by K~ decaying too far from the beam axis. Apart from the 
track cut at small transverse momentum, the decrease at low momentum is mainly due 
to the cut on the radial distance from the intersection point to the primary vertex. 
To estimate the uncertainty of the detection efficiency, the same calculation was re-
peated using events produced with the HERWIG generator. In addition, the K~ selection 
cuts were varied. From these studies, we determined the detection efficiency uncertainty 
to be about 5 %. It enters as an overall normalization error into the systematic error 
of our measurement. As further sources of possible systematic errors we considered the 
following two contributions: An uncertainty in the matching to the z-chamber was ac-
counted for by including an error of 3% in the overall normalization error, which brings 
it up to 6 % in total. The uncertainty in the background subtraction described above 
was determined by varying the fit range and the background shape. It was estimated 
to be about 7 % entering as a bin-to-bin uncertainty; this then contributes 3 % to the 
uncertainty of the total rate by quadratic addition of the contributions from all momen-
tum bins. In total, the systematic uncertainty of the integrated K0 rate was found to 
be 7 % after combining all these effects. 
After correcting the data for the unobserved decay into rr0 rr0 and for K~ production, 
the scale invariant cross section 1/( ahadf3)( da / dx E) for K0 production2 was obtained 
as a function of the scaled energy x E = 2EKo / yls. It is shown in Fig. 2 and Table 1. 
2 By denoting the particle state we mean both particle and antiparticle state 
3 
The indicated error bars include statistical and bin-to-bin systematic contributions. In 
addition there is an overall normalization uncertainty of 6 % mentioned above. 
The predictions of the JETSET 7.2 and HERWIG .5.0 generators are also shown in 
Fig. 2 along with our data. The fragmentation parameters of these programs were tuned 
to describe the global event shapes as measured by OPAL3 [12]. Whenever refering to 
the generators throughout this paper, we use these tuned versions. The predictions of 
both generators are very similar; they exhibit good agreement with the measurements. 
To determine the total K0 rate, the momentum spectrum was integrated, using JET-
SET to extrapolate over the unobserved momentum region; the size of this correction 
was 5%. 2.10 ± 0.02± 0.14 K0 per hadronic event were found. The first error quoted is 
statistical while the second reflects the systematic uncertainties. 
Adjusting the Is parameter in JETSET which controls the suppression of s quark 
pair production in the colour field to describe the measured cross section yields Is = 
0.285 ± 0.035. The other model parameters were kept fixed. Our measurement is 
consistent with the default value Is = 0.3 which has been determined with data from 
lower center of mass energies, indicating the independence of Is on the center of mass 
energy. For example, the JADE collaboration measured a value of Is = 0.27 ± 0.03 ± 
0.05 [5], and the TASSO collaboration Is = 0.35 ± 0.02 ± 0.05 [13], respectively. 
Comparison with QCD Predictions 
As previously shown in [14][15] calculations for the gluon momentum spectrum in the 
modified leading log approximation (MLLA) [8] (see also [16]) of QCD can describe the 
momentum distribution of all charged particles. These calculations predict a decrease 
of particle yield at low momenta which is attributed to a destructive interference of 
coherently emitted soft gluons [17]. The agreement between the expected gluon and 
the observed hadron spectrum can be understood in the context of local parton-hadron 
duality [8]. Further insight into this matter can be gained from a comparison of the 
predictions for individual particle types. 
Denoting~= ln(1/xp), where Xp = 2c · pfy'S stands for the scaled momentum of 
the particle, the predicted hadron spectrum can be written as 
1 du ~ JC = N · f(A,ff, Qo, yS, 0 . 
(Jhad "'-
(1) 
The theoretical predictions involve three free parameters: an effective QCD scale Aeff 
which is not directly related to AMs' a cut-off parameter in the quark-gluon cascade 
Q0 , and the overall normalization factor N that depends on the particle type and is 
expected to be independent of the center of mass energy. The predicted spectrum 
shows a maximum which is shifted to lower~ values with increasing Aeff· 
Comparison of the spectrum (1) with the data is not trivial since no rigorous con-
nection between Q 0 and the particle mass is available. Instead the measurement of 
3 In HERWIG 5.0, the parameters determined to fit the event shapes as measured by OPAL are the 
default values 
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the mass dependence is hoped to provide insight into non-perturbative QCD effects. 
Furthermore, formula (1) is difficult to solve numerically. In [14][15], a simplified form 
of ( 1) has been applied assuming Q0 = Aef 1. This assumption is supported by the 
expectation that the spectrum should be insensitive to the value of Q0 for asymptotic 
center of mass energies [8]. The resulting spectrum (the so-called limiting spectrum) is 
especially convenient for numerical integration. Its explicit form can be found in [18]; it 
is valid for 1 < ~ < in( ,fS/2Aef! ). For massive hadrons, one supposes Qo > AeJ h and 
the limiting formula is expected to be less accurate [19]. 
In the case of all charged particles [14][15] and x 0 mesons [15] good agreement with 
the predicted limiting spectrum was observed. In the following we compare the measured 
K0 momentum spectrum in terms of (1/ O"had)( dO"/ dO with the QCD calculations for 
Q0 = AeJ f. The measured data points are shown in Table 2 and together with the 
result of the fit in Fig. 3. The fit range was restricted to I~- ~maxi < 1 around the 
position of the maximum ~max· There is good agreement in the range included in the 
fit; the data points in the low ~region are also reasonably described by the prediction. 
However, the data show a general tendency towards a broader distribution. For the free 
parameters of the fit we obtain Aeff = 827 ± 30 MeV and N = 0.211 ± 0.003. The errors 
of the parameters were determined by varying the K~ selection cuts and the range of data 
points included in the fit. We find the position of the maximum at ~;,;:x = 2.91 ± 0.04. 
Compared to the values obtained for all charged particles of ~;!::;;ged = 3.603±0.013 [14], 
~;!::;;ged = 3.71 ± 0.05 [15], and for x0 mesons of ~;;:'ax = 4.11 ± 0.18 [15], we find that 
for the more massive K0 the position of the maximum is shifted to lower values of 
r This trend of the maximum position decreasing with increasing particle mass has 
already been observed at lower center of mass energies by the TASSO collaboration [20]. 
Corresponding to the shift of the maximum, the limiting formula yields for the K0 a value 
of Aejf considerably higher than for the light mesons ( A~)a/ged = 253 ± 30 MeV [14], 
A~)a/ged = 220 ± 20 MeV [15] and A;;1 = 115 ± 40 MeV [15] ). The strong dependence 
of Aef 1 on the particle mass is expected to be due to mass effects which are not taken 
into account in the context of the limiting formula. 
A more natural description of the spectra of massive mesons is expected using the 
full equation (1) instead of the limiting spectrum. The same value of Aeff is supposed 
to describe the spectra of light and heavy hadrons, whereas Q0 should be related to the 
particle mass. In a recent paper [21], a method to solve (1) approximately has been 
proposed and a spectrum for Aef!=150 MeV, Qo=300 MeV is presented as illustration. 
The value of AeJ f was chosen to be consistent with the measurements of the light 
mesons. This spectrum, normalized to our data, is plotted as the dashed line in fig 3. 
Although no fit to determine the parameters was performed, a reasonable description 
of the measured data points is found, supporting the above mentioned expectation of 
a unique value of Aeff for light and heavy mesons and Qo increasing with the particle 
mass. 
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Comparison with Data from Different Center of Mass En-
ergies 
Fig. 4a shows the number of K0 per hadronic event determined by different experi-
ments [3][4][5] in a range of center of mass energy from 12 to 91 GeV. The numbers 
from lower energies stem from a compilation recently published by the TASSO collabo-
ration [4]. In Table 3 the predictions for the K0 multiplicity of JETSET and HERWIG4 
at y's = 35 GeV andy's = 91 GeV are compared with experimental data. The measured 
K0 multiplicities are well described at both center of mass energies. 
Fig. 4b shows the scaling cross section 1/(uhadf3)(dufdxs) as a function of the cen-
ter of mass energy in various xs bins as measured by OPAL, TASSO and TPC. The 
evolution of the cross section with the center of mass energy is influenced by two effects: 
On one hand, scaling violations which are due to gluon emission can be expected. They 
would lead to a decrease of the cross section at high x E values and to a corresponding 
increase at low values of XE. On the other hand, electroweak effects become important 
if the center of mass energy approaches the Z0 mass. In particular, the flavour com-
position of the primary produced quarks is different due to the different couplings to 
photon and Z0 respectively. 
The solid line in Fig. 4b shows the JETSET prediction for the energy evolution of the 
K0 cross section including electroweak effects; the dashed line shows the behaviour with 
pure photon exchange, demonstrating the influence of scaling violations. The full curve 
exhibits a rise of the cross section compared to the photon exchange case especially at 
large x E. This is due to the larger coupling of down-type quarks to the Z0 , resulting 
in a larger fraction of primary strange quarks which yields more strange mesons with 
high momenta. 
Summary 
The differential and total cross sections for K0 production in e+ e- annihilation at 
y's co: Mzo have been measured from 144473 hadronic events recorded with the OPAL 
detector in 1990. The yield was found to be 2.10 ± 0.02± 0.14 K0 per event. The total 
rate as well as the differential cross section with respect to momentum as predicted by 
JETSET and HERWIG are in good agreement with the data. Furthermore, the evo-
lution of the K0 multiplicity with y's is well described by JETSET and HERWIG. We 
also compare our measurement to the predictions of analytical QCD formulae derived 
within the framework of the MLLA approach. A reasonable description of the spectrum 
is found. 
4 Also for ...jS = 35 GeV, the tuned parameters were used for the generators 
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Table 1: The scaling cross section for K0 production 
XE XE 1 du O'hadf3 dxE 
0.01-0.03 0.02 29.6 ± 2.2 
0.03-0.04 0.035 21.1 ± 1.6 
0.04-0.06 0.049 15.4 ± 1.1 
0.06-0.10 O.D78 9.0 ± 0.7 
0.10-0.15 0.123 5.0 ± 0.4 
0.15-0.20 0.173 2.8 ± 0.2 
0.20-0.30 0.242 1.4 ± 0.1 
0.30-0.40 0.343 0.75 ± 0.07 
0.40-0.60 0.474 0.21 ± 0.03 
0.60-1.00 0.693 0.03 ± 0.007 
Table 2: The ~ distribution for K0 production 
~ 1 du crhad de 
0.13 - 0.93 0.067 ± 0.009 
0.93 - 1.29 0.261 ± 0.029 
1.29 - 1.60 0.375 ± 0.038 
1.60 - 1.80 0.463 ± 0.047 
1.80 - 2.00 0.545 ± 0.055 
2.00- 2.20 0.658 ± 0.065 
I 
2.20- 2.40 0.661 ± 0.065 
2.40 - 2.60 0.726 ± 0.071 I 
I 2.60- 2.80 0.689 ± 0.067 2.80- 3.00 0.742 ± 0.072 
3.00- 3.20 0.738 ± 0.072 
3.20- 3.40 0.649 ± 0.064 
3.40- 3.60 0.656 ± 0.065 
3.60- 3.80 0.547 ± 0.056 
3.80- 4.04 0.491 ± 0.051 
4.04- 4.33 0.472 ± 0.050 
4.33- 4.62 0.342 ± 0.043 
4.62- 5.02 0.224 ± 0.037 
10 
Table 3: K0 multiplicity at different CMS energies compared with generator predictions 
vs [GeV] I experimental 
35 1.42- 1.47 
91 2.1±0.02±0.14 
Figure Captions 
Figure 1: 
(a) Invariant mass spectrum of K~ candidates 
(b) Detection efficiency for K~ --> 1r+1r-
Figure 2: 
JETSET HERWIG 
1.46 1.38 
2.16 2.07 
Differential scale invariant cross section 1/ ( ahadf3)( da j dx E) vs. x E for K0 production. 
The line indicates both the predictions of JETSET and HERWIG, respectively, since 
they can not be distinguished from each other within the line width. Indicated errors 
include statistical and bin-to-bin systematic contributions 
Figure 3: 
Measured~ = ln(1/xp) distribution with QCD predictions. Indicated errors include 
statistical and bin-to-bin systematic contributions. The dotted line shows the result of 
a fit using the limiting QCD formula (the solid part indicates the fit range); the dashed 
line illustrates an approximate solution of the full QCD formula 
Figure 4: 
(a) K0 multiplicity at different center of mass energies 
(b) Differential scale invariant cross section for K0 production as a function of the 
squared center of mass energy in several x E bins. The dashed line indicates the JET-
SET prediction for pure photon exchange, whereas the solid line shows the prediction 
including electroweak effects 
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